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. , $f$ (weak Palais-
Smale condition, weak-PS) [13] , $[0, \infty$ )
$[0, \infty)$ ( ) $h$ :
$\bullet\int_{0}^{\infty}\frac{1}{1+h(t)}dt=\infty$
$\bullet$ $X$ $\{x_{n}\}$ , $\{f(x_{n})\}$ $\lim_{narrow\infty}\Vert f’(x_{n})||(1+$
$h(||x_{n}\Vert))=0$ , $\{x_{n}\}$
$h(t)=0$ , $f$ (Palais-Smale condition, PS)
, $h(t)=t$ , $f$ l (Ceraml-
Palais-Smale condition, Cerami-PS) .
PS $\Rightarrow$ Cerami-PS $\Rightarrow$ weak-PS
. $Cerami- PS\Rightarrow weak- PS$
. $PS\Rightarrow Cerami- PSJ$ ,
PS .
1([5]). (X, $d$) , $p$ $X\cross X$ $[0, \infty$ )
. , $P$ $X$ $\tau$-distance $X\cross[0, \infty$ ) $[0, \infty$)
$\eta$ 5 .
$(\tau 1)p(x, z)\leq p(x, y)+p(y, z)$ $x,$ $y,$ $z\in X$
$(\tau 2)\eta(x, 0)=0$ $\eta(x, t)\geq t$ $(x,t)\in Xx[0, \infty)$
, $\eta$ 2
$( \tau 3)\lim_{n}x_{n}=x$ $\lim_{n}\sup\{\eta(z_{n},p(z_{n}, x_{m})) : m\geq n\}=0$
$p(w, x) \leq\lim\inf_{n}p(w, x_{n})$ $w\in X$
$( \tau 4)\lim_{n}\sup\{p(x_{n}, y_{m}) :m\geq n\}=0$ $\lim_{n}\eta(x_{n}, t_{n})=0$
$\lim_{n}\eta(y_{n}, t_{n})=0$
$( \tau 5)\lim_{n}\eta(z_{n},p(z_{n}, x_{n}))=0$ $hm_{n}\eta(z_{n},p(z_{n}, y_{n}))=0$ $\lim_{n}$
$d(x_{n}, y_{n})=0$
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. $d$ $\tau$-distances . , [$p(x, y)=p(y, x)$ ,
$\lceil_{p(x,x)=OJ},$ $r_{p(x}$ , y)=O\Rightarrow x=y . [4-11]
.
Ekeland .
2 (Ekeland [2, 3]). (X, $d$) , $f$ $X$
, . , $u\in X$ $\lambda>0$
, $v\in X$ .
$f(v)\leq f(u)-\lambda d(u,v)$
$f(w)>f(v)-\lambda d(v,w)$ , $\forall w\in X\backslash \{v\}$
$\tau$-distance Ekeland .
3 ([5]). (X, $d$) $f$ 2 . $P$ $X$ $\tau$-distance
. , $p(u,u)=0$ $u\in X$ , $v\in X$
.
(1) $f(v)\leq f(u)-p(u,v)$
(2) $f(w)>i(v)-p(v, w)$ , $\forall w\in X\backslash \{v\}$
. $\lambda d(\cdot, \cdot)$ $\tau$-distance , 2 3




4 (Zhong [13]). $f$ $X$
. $h$ $[0, \infty$ ) $[0, \infty$) $\int_{0}^{\infty}(1+$
$h(t))^{-1}dt=\infty$ . , $\alpha$ $:= \lim$ $inff(x)$
$rarrow\infty||x||\geq r$
, $\lim_{n}\Vert x_{n}\Vert=\infty,$ $\lim_{n}f(x_{n})=\alpha$ $\lim_{n}\Vert f’(x_{n})\Vert(1+h(\Vert x_{n}\Vert))=0$
$X$ $\{x_{n}\}$ .
.
5 (Zhong [13]). $X$ $f$ 4 . $f$
. , $f$ weak-PS , $f$ .
Zhong Ekeland
. , 3 .
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4 ([11]). . $\epsilon>0$ ,
$\Vert v\Vert\geq 1/\epsilon,$ $|f(v)-\alpha|\leq\epsilon,$ $\Vert f’(v)\Vert(1+h(\Vert v\Vert))\leq\epsilon$ $v\in X$
$\epsilon>0$ , $\tau$-distanoe $P$
$p(x,y)= \frac{\epsilon}{2}\int_{||x||}^{||x\Vert+||x-y\Vert}\frac{dt}{1+h(t+1)}+\frac{\epsilon}{2}\int_{\Vert y||}^{\Vert y||+\Vert x-y||}\frac{dt}{1+h(t+1)}$
. $g$
$g(x)= \max\{f(x), \alpha-2\epsilon\}$




. $u\in X$ $\Vert u\Vert>r’,$ $f(u)<\alpha+\epsilon$ . $\Vert u||>r$ ,
$g(u)=f(u)$ . 3 , (1), (2) $v\in X$ .
$||v\Vert<r$ , (1) ,
$\alpha-2\epsilon\leq g(v)\leq g(u)-\frac{\epsilon}{2}\int_{||v||}^{||v||+||u-?l\Vert}1+h(t+1)dt$
$\leq g(u)-\frac{\epsilon}{2}\int_{\Vert v||}^{||u||}\frac{dt}{1+h(t+1)}\leq g(u)-\frac{\epsilon}{2}\int^{r’}\frac{dt}{1+h(t+1)}$
$=f(u)-3\epsilon<\alpha-2\epsilon$
, . , $\Vert v\Vert\geq r>1/\epsilon$ . $g(v)=f(v)$
,
$\alpha-\epsilon<$ $inff(x)\leq f(v)\leq f(u)<\alpha+\epsilon$
$||x[|\geq r$
. , $|f(v)-\alpha|\leq\epsilon$ . (2) $\Vert f’(v)\Vert(1+h(\Vert v\Vert))\leq$
$\epsilon$ .
. 3 $\Vert v\Vert\geq 1/\epsilon,$ $|f(v)-\alpha|\leq\epsilon,$ $\Vert f’(v)\Vert(1+h(\Vert v\Vert))\leq$
$\epsilon$ 3 . 3
$\tau$-distance ,
. , $\{x\in X:\Vert x\Vert\geq 1/\epsilon\}$ $v$ ,
, , $\{x\in X:\Vert x\Vert>1/\epsilon\}$ $v$
. Ekeland ,
. Ekeland $\{x\in X:\Vert x\Vert\leq 1/\epsilon\}$
, $u,$ $r,$ $r’$ $\tau$-distance $P$ , .




Zhong [13] 4 $h$ ,
, 4 , , .
, $h$
. .
6([11]). $h$ $[0, \infty$) $[0, \infty$ ) $\int_{0}^{\infty}\frac{1}{1+h(t)}dt=\infty$
. , $\theta$ $\int_{0}^{\infty}\frac{1}{1+\theta(t)}dt=\infty$ $h(t)\leq\theta(t)$
.
. $[t]$ $t$ . $\theta$
$\theta(t)=(1-t+[t])h([t]+1)+(t-[t])h([t]+2)$






7([11]). $h$ $[0, \infty$) $[0, \infty$ ) $\int_{0}^{\infty}\frac{1}{1+h(t)}dt<\infty$
. , $\theta$ $\int_{0}^{\infty}\frac{1}{1+\theta(t)}dt<\infty$ $\theta(t)\leq h(t)$
.








8([11]). $X:=\mathbb{R}$ , $h$ $[0, \infty$ ) $[0, \infty$ ) $\int_{0}^{\infty}\frac{1}{1+h(t)}dt<$
$\infty$ . $X$ $f$
$f(x)= \int_{0}^{x}\frac{-1}{1+h(\max\{t,0\})}dt$
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.lim $inff(x)\in \mathbb{R}$ $|f’(x)|(1+h(|x|))\geq 1,$ $\forall x\in X$
$rarrow\infty|x|\geq r$
.
weak-PS $\int_{0}^{\infty}\frac{1}{1+h(t)}dt=\infty$ ( $r_{weak}$
). , weak-PS ,
, . , weak-PS
$PSJ$ PS .
4 , ,
, . , ,
4 .
6.






$X=$ {$x:x$ $0$ }
, $X$ $p_{1}$ $\Vert x\Vert=\sum_{n=1}^{\infty}|x(n)|$ . $\mathbb{R}$ $(0, \infty)$
$f$
$f(x)= \sum_{n=1}^{\infty}\frac{1}{2^{n}}$ $\exp$ $(2^{n}x(n))$
. , $f$ , , , ,
lim $inff(x)=0\in \mathbb{R}$ $h^{a}$ $||f’(x)||\geq 1,$ $\forall x\in X$
$rarrow\infty||x||\geq r$
.
$f$ PS , . 4
, .
.
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